| INTRODUCTION
Influenza virus infection is a major cause of severe acute respiratory illness (SARI) and results in significant global morbidity and mortality every year. [1] [2] [3] However, the majority of available information on influenza disease burden emanates from industrialized countries. In recent years, influenza sentinel surveillance has been established in several African countries, 4 and influenza virus infection has been reported to be associated with mild and severe illness including death on the Continent. 4, 5 Nonetheless, estimates of the burden of influenzaassociated hospitalization are severely limited in Africa.
Zambia being part of the African Network for Influenza Surveillance and Epidemiology (ANISE) (http://www.cdc.gov/flu/international/ anise.htm) is actively involved in surveillance of influenza-associated illness mostly targeting patients with influenza-like illnesses (ILI) and SARI at selected surveillance sites. This surveillance has provided a platform to monitor influenza virus circulation patterns and contributed to increase the understanding of the epidemiology of influenza viruses in the country. 6 However, in Zambia, like in most countries in sub-Saharan Africa,
where influenza is often confused with febrile illnesses such as malaria and resource priorities are given to diseases such as HIV and tuberculosis, 7 the impact of influenza-associated severe illness on the general population remains poorly understood. The World Health Organization (WHO) highlighted that there is a need for influenza disease burden estimates especially from low-and middle-income countries. 8 These estimates would enable governments to make informed evidencebased decisions when allocating scarce resources and planning intervention strategies to limit the impact and spread of the disease.
We aimed to estimate the national and provincial number and rates of SARI and influenza-associated SARI hospitalizations among different age-groups in Zambia from January 2011 through December 2014.
| METHODS

| Data sources
| Data source 1: Number of respiratory hospitalizations in Lusaka Province
We obtained the total number of respiratory hospitalizations for Lusaka Province by hospital from the Zambia Ministry of Health (ZMoH), 9 which collects aggregated and de-identified data on the number of admissions by syndrome from all public hospitals in Lusaka
Province from January 2011 through December 2014.
| Data source 2: Number of any medical, respiratory, and SARI hospitalizations at the University Teaching Hospital
Over the same study period, we prospectively collected the total number of any medical and respiratory hospitalizations using hospital admission records at one large public hospital (the University 
| Data source 5: Population denominators
Provincial age-and year-specific population denominators were obtained from projections of 2010 census data for Zambia. 13 Zambia had a population of 14 676 147 individuals in 2014 of which 2 595 018 (17.7%) were children aged <5 years.
| Estimation of the national number and rate of SARI and influenza-associated SARI hospitalizations
To estimate the national number and rates of SARI and influenzaassociated SARI hospitalization, we used a four-step approach.
In
Step 1, we estimated the SARI hospitalizations rates in Lusaka
Province (considered to be the base province in our estimation approach). In
Step 2, we estimated the SARI hospitalizations rates for the other provinces from the base province using a previously described methodology. 14, 15 In
Step 3, we estimated the influenzaassociated SARI hospitalizations rates using available virological surveillance data for influenza. In
Step 4, we obtained the number of SARI and influenza-associated SARI hospitalizations using the estimated rates and the population at risk in each province. The description of the estimation approach for each step is provided below and in Figure 1 . All estimates were obtained overall and within the following age categories: <1, 1-4, 5-24, 25-44, 45-64, ≥65, <5, and ≥5 years of age. Rates were expressed per 100,000
population. All estimates were reported as mean annual estimates over the study period.
| Step 1: Estimation of SARI hospitalization rates in Lusaka Province
To estimate the SARI hospitalization rates in Lusaka Province, we followed the WHO guidelines for estimating the disease burden associated with seasonal influenza. 8 First, we estimated the service population of the UTH by dividing the number of respiratory hospitalizations at the UTH by the total number of respiratory hospitalizations in Lusaka Province using the hospitalization data obtained from the ZMoH (data source 1). This proportion was then applied to the population of Lusaka Province over the study period (data source 5).
Thereafter, we obtained the SARI hospitalization rates for the UTH by dividing the total number of SARI hospitalizations at the UTH (data source 2) by the estimated service population. We used the UTH F I G U R E 1 Method used to estimate the numbers and rates of severe acute respiratory illness (SARI) and influenza-associated SARI hospitalizations in Zambia, 2011-2014. Data inputs steps are in light gray boxes, and data outputs are in dark gray boxes SARI hospitalization rates as a proxy for Lusaka Province as previously described.
14,15
| Step 2: Estimation of SARI hospitalizations rates in the other provinces
Estimates of SARI hospitalization rates for the other 9 provinces in Zambia were derived by adjusting the Lusaka Province rate (base province-obtained in Step 1) for the provincial-level prevalence of known risk factors for pneumonia obtained from the DHS (data source 4) as previously described (Step 2.a). 14, 15 Risk factors included HIV infection, exposure to indoor air pollution, crowding, malnutrition, low birthweight, and non-exclusive breastfeeding. 14, 15 The last three were only included for children aged <5 years. The relative risk of SARI associated with each risk factor was determined from the published literature. [14] [15] [16] [17] [18] In addition, we adjusted the provincial rates by the proportion of ARI cases seeking care in the given province to the proportion of ARI cases seeking care in the base province using data from the DHS (data source 4) as previously described (Step 2.b). 14, 15 The healthcare-seeking behavior among ARI cases was used as a proxy for SARI cases. An adjustment factor >1 resulted in a greater SARI hospitalization rate in the given province relative to the base province and vice versa. The equations used for the provincial adjustments and the estimated adjustment factors (Table S1 ) are provided in the Supplementary Material.
| Step 3: Estimation of influenza-associated SARI hospitalizations rates in all provinces
We estimated the provincial rates of influenza-associated SARI hospitalization by multiplying the estimated provincial SARI hospitalization rates (obtained in Step 1 and 2) by the influenza virus detected rate obtained from influenza sentinel surveillance implemented among inpatients with SARI (data source 3).
| Step 4: Estimation of the number of SARI and influenza-associated SARI hospitalizations in all provinces
We estimated the provincial number of SARI and influenza-associated SARI hospitalizations by multiplying the provincial SARI (obtained in
Steps 1 and 2) and influenza-associated SARI (obtained in
Step 3) hospitalization rates by the population at risk in each province (data source 5) over the study period. 14, 15 We obtained the 95% confidence intervals (CI) using bootstrap resampling over 1000 replications for all parameters included in the calculations. 14, 15 This included (i) the age-and year-specific SARI hospitalization rates in the base province, (ii) the provincial prevalence of the risk factors for pneumonia, (iii) the provincial proportion of ARI cases seeking care, and (iv) the age-specific influenza virus detection rate among SARI cases tested. The lower and upper limits of the 95% CI were the 2.5th and 97.5th percentiles of the estimated values obtained from the 1000 resampled datasets, respectively.
The statistical analysis was implemented using Stata 14.1 (StataCorp, College Station, Texas, USA).
| Ethical approval
The influenza sentinel surveillance (data source 3) and the collection of aggregated data on any medical, respiratory, and SARI hospitalizations (data source 2) were deemed non-research by the ZMoH and the US Centers for Disease Control and Prevention. The number of respiratory hospitalization in Lusaka Province (data source 1) and the DHS (data source 4) and census data (data source 5) were publicly available. 
| RESULTS
| Number of hospitalizations in Lusaka Province and at the University Teaching Hospital
| Influenza virus surveillance among patients hospitalized with SARI
During the study period, we enrolled and tested 2734 SARI cases at the UTH; 998 (36.5%) and 1736 (63.5%) cases among individuals aged <5 and ≥5 years, respectively (data source 3). Influenza viruses were detected in 152 (5.5%) specimens; 48 (4.8%) and 104 (6.0%) among individuals aged <5 and ≥5 years, respectively. Of these, 59 (38.7%)
were influenza A(H3N2), 22 (14.6%) were influenza A(H1N1)pdm09, 2 (1.6%) were influenza A not subtyped, and 69 (45.2%) were influenza B viruses (Figure 2 ).
| National number and rate of SARI and influenza-associated SARI hospitalizations
The estimated mean annual number of SARI hospitalization was 13.1 per 100 000 population) among individuals aged <5 and ≥5 years, respectively ( Table 1 ). The estimated mean annual rates of influenzaassociated SARI hospitalization were highest among children aged <1 year (484.4 per 100 000 population) and lowest among individuals aged 5-24 years (5.9 per 100 000 population).
A U-shaped trend of the magnitude of the SARI and influenzaassociated SARI hospitalizations rates was observed across agegroups (Table 1) . No significant difference (overlapping CIs) of the SARI and influenza-associated SARI hospitalizations rates was observed (Table 1 ). The provincial number and rates of SARI and influenza-associated SARI hospitalizations by age-group are provided in Table S2 .
| DISCUSSION
We provide estimates of the national burden of influenza-associated SARI hospitalization in Zambia over a 4-year period. The results indicate a sizeable number of influenza-associated SARI hospitalizations across age-groups. However, higher rates of influenza-associated SARI hospitalizations occurred among children aged <5 years and persons aged ≥65 years. Approximately three-quarters of the total number of influenza-associated SARI hospitalizations occurred in children aged <5 years.
A global study on influenza burden reported influenza-associated respiratory hospitalizations rates of 174 per 100 000 population among African children aged <5 years. 3 Other Africa studies conducted using population-based surveillance among children aged <5 years estimated rates of influenza-associated SARI hospitalization of 135 per 100 000 population in Ghana, 19 270 per 100 000 population in Kenya, 20 and 153-186 per 100 000 population in South Africa. 21 Our finding of influenza-associated hospitalization rates in children <5 years (187 per 100 000 population) is generally consistent with the estimates obtained from similar studies conducted in Africa, albeit higher compared to those of other regions. 3 In our study, compared to children aged <5 years, the burden of influenza-associated SARI hospitalizations was lower in individuals aged ≥5 years (13 per 100 000 population). This was observed also in other studies conducted in Africa. [19] [20] [21] ). Underlying medical conditions including HIV infection is known risk factors for influenza-associated severe illness. [21] [22] [23] [24] Differences in the prevalence of such conditions in different settings may explain some of the observed differences in the influenzaassociated SARI hospitalization rates in this age-group. Cultural differences and differential access to health care across different countries can also play a role in differential healthcare-seeking behavior that in return may be responsible for differences in hospitalization rates.
In our study, we did not observe significant differences in the provincial rates of influenza-associated SARI hospitalizations. This was observed also in studies conducted in Kenya 14 and South Africa. 15 This may suggest that geographical variations within countries may not significantly affect influenza disease burden estimates.
In our study, the age-specific SARI hospitalization rates were higher among children aged <5 years (3828.4 per 100 000 population) and declined among individuals aged ≥5 (202.5 per 100 000 population No well-defined seasonal patterns on influenza virus circulation were observed, and this was consisted with findings from other tropical African countries. 4 Our study has limitations that warrant discussion. First, whereas we estimated national numbers and rates of SARI and influenzaassociated SARI hospitalizations using a previously described meth- 25 Last, ecological studies have suggested that influenza virus is responsible for hospitalizations and deaths also among patients presenting with circulatory illnesses or even syndromes different than respiratory and circulatory. 23, 26 In addition, individuals that may have developed influenza-associated severe respiratory illness, but did not seek care, would have been missed in our study; hence, our estimates should be considered minimum estimates.
In conclusion, we estimated that there were between 4312 and 8041 influenza-associated SARI hospitalizations each year in Zambia.
The hospitalization rates were elevated in children aged <5 years and individuals aged ≥65 years. The ZMoH is yet to implement a national influenza vaccination program. Should an influenza vaccination program be introduced in Zambia, young children and the elderly may benefit most from annual influenza immunization. No influenza vaccine is licensed for children aged <6 months, but this group may be protected through the vaccination of their mothers during pregnancy. 27, 28 However, given the limited financial resources in our setting, estimation of the disease burden associated with other pathogens should also be considered to inform prioritization of interventions.
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